Inferred from the satellite and in situ hydrographic data from the 1990s and 2000s, the Kuroshio intrusion into the South China Sea (SCS) had a weakening trend over the past two decades. Associated with the weakened Kuroshio intrusion, the Kuroshio loop and eddy activity southwest of Taiwan became weaker, whereas the water above the salinity minimum became less saline in the northern SCS. The sea surface height southwest of Taiwan increased at a slower rate compared to other regions of the SCS because of the weakened Kuroshio intrusion. Simulations using the Regional Ocean Modeling System ( . The Kuroshio transport east of Luzon Island also had a negative trend, which might also be linked to the weakening Kuroshio intrusion.
Introduction
In the past decades, much work has been done on the Kuroshio intrusion into the South China Sea (SCS) through the Luzon Strait (e.g., Dale 1956; Wyrtki 1961; Nitani 1972; Shaw 1991; Farris and Wimbush 1996; Liang et al. 2008) . The Kuroshio originates from the North Equatorial Current (NEC). After encountering the western boundary, the NEC bifurcates into the southwardflowing Mindanao Current and the northward-flowing Kuroshio (Nitani 1972; Qiu and Lukas 1996; Qu and Lukas 2003) . The Kuroshio, with high temperature and salinity, flows northward along the eastern Philippine coast. When passing by the Luzon Strait, a branch of the Kuroshio flows northwestward into the SCS (Fig. 1) affecting the temperature, salinity, circulation, and eddy generation in the northeastern SCS (e.g., Li et al. 1998; Liang et al. 2003; Wu and Chiang 2007; Xiu et al. 2010) . The Kuroshio takes different intruding paths southwest of Taiwan according to observations (Caruso et al. 2006; Nan et al. 2011a ), ocean models (Sheremet 2001; Xue et al. 2004; Wu and Chiang 2007; Sheu et al. 2010) , and laboratory experiments (Sheremet and Kuehl 2007; Kuehl and Sheremet 2009 ). The Kuroshio path can change from one path to another in several weeks (Nan et al. 2011a) .
As an Asian marginal sea, the SCS exhibits pronounced seasonal and interannual variability under the influence of the East Asian monsoon . The Kuroshio intrusion into the SCS is stronger in winter than in summer (Wyrtki 1961; Shaw 1991) . The surface Kuroshio water can intrude deep into the SCS, especially in winter (Centurioni et al. 2004 ). Estimates of the transport through the Luzon Strait vary from a few sverdrups (Sv; 1 Sv [ 10 6 m 3 s
21
) to more than 10 Sv (e.g., Qu et al. 2000; Gilson and Roemmich 2002; Tian et al. 2006; Song 2006; Yuan et al. 2008) . Interannual variations of the upper-layer heat content, sea surface temperature (SST), and sea surface height (SSH) in the SCS have a strong El Niño-Southern Oscillation (ENSO) signature (Qu et al. 2004; Rong et al. 2007 ). The linkage between El Niño and the SCS is believed to be through the atmospheric bridge (C. . However, the Luzon Strait transport (LST) could be related to ENSO more directly (Qu et al. 2004 ). The NEC bifurcation on interannual and longer time scales is generally related to the Niño-3.4 index with a positive (negative) index corresponding to a northerly (southerly) bifurcation (Qiu and Chen 2010) . As a result, the LST tends to be higher during El Niño years and lower during La Niña years.
In addition, Fang et al. (2006) showed that the SSH and SST in the SCS from 1993 to 2003 have linear trends of 6.7 6 2.7 cm decade 21 and 0.50 6 0.26 K decade
, respectively. The rates of sea level rise and sea surface warming are significantly higher than the corresponding global rates. Palacz et al. (2011) found an increasing trend in the surface wind speed averaged over the entire SCS from 1998 to 2009. Wang et al. (2010) showed that the eastward jet off central Vietnam moved northward and southward during the periods 1980-98 and 1999-2007, respectively . In the western Pacific, Qiu and Chen (2012) found that the NEC bifurcation point migrated southward over the past two decades, which can largely be attributed to the upper-ocean water mass redistribution caused by the surface wind stresses of the strengthened atmospheric Walker circulation. The question is how the Kuroshio intrusion into the SCS responded to these large-scale climate changes.
The present study has three objectives: 1) to describe the long-term variability of the Kuroshio intrusion into the SCS based on satellite and in situ hydrographic data as well as ROMS model results in the 1990s and 2000s, 2) to illustrate the influence of the Kuroshio intrusion variability on the SCS, and 3) to clarify what controls the long-term variability of the Kuroshio intrusion into the SCS. The rest of the paper is organized as follows. Section 2 describes the data and methodology. Section 3 presents the results on changes and impacts of the Kuroshio intrusion into the SCS. Section 4 discusses the possible mechanisms for the weakening of the Kuroshio intrusion. Finally, section 5 summarizes the main findings.
Data and methodology

a. Satellite data
The absolute dynamic topography (ADT) data and sea level anomaly (SLA) data used in this paper are produced by the French Archiving, Validation, and Interpolation of Satellite Oceanographic data (AVISO) project (see www.aviso.oceanobs.com/duacs/). The merged data from the combination of Jason-1 and -2 Ocean Topography Experiment (TOPEX)/Poseidon, Envisat, Geosat FollowOn (GFO), European Remote Sensing Satellite (ERS), and Geosat altimeters are interpolated onto a global grid of 1 /48 resolution and are archived in weekly averaged frames. The dataset covers the period from October 1992 to present, while in this study the 18-yr data from 1993 to 2010 are used. Although both tidal and sea level pressure corrections are incorporated, the data in shelf areas are still contaminated by aliases from tides and internal waves so that the data in areas where the water depth is less than 200 m are excluded (Nan et al. 2011b) . Monthly blended wind data from 1993 to 2010 at 1 /48 resolution are obtained from www.ncdc.noaa.gov/oa/rsad/air-sea/ seawinds.html. Daily SST data at a resolution of approximately 4 km used in this paper are provided by the National Oceanic and Atmospheric Administration (NOAA) National Oceanographic Data Center (NODC) www.nodc.noaa.gov/SatelliteData/pathfinder4km. 
b. Hydrological data
There are a total of 8098 (4943 in the 1990s and 3155 in the 2000s) verified temperature-salinity profiles in our study area (Fig. 2) . Among all the profiles, 78 CTD profiles observed during the SCS Monsoon Experiment (SCSMEX) 
c. The ROMS Pacific simulation
The Pacific simulation from 1993 to 2010 used in study was based on the Regional Ocean Modeling System (ROMS). The horizontal resolution was 1 /88 for the Pacific Ocean from 458S to 658N and from 998E to 708W. There were 30 levels in the vertical. Initialized with climatological temperature and salinity from the World Ocean Atlas 2001 (WOA), the Pacific ROMS was forced with the climatological National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) reanalysis of air-sea fluxes for several decades to reach a quasi-equilibrium state. The model was then integrated for the period of 1993-2010, forced with the blended daily sea wind (Zhang et al. 2006) and daily air-sea fluxes of heat and freshwater from the NCEP-NCAR reanalysis. The net heat flux was derived from the shortwave and longwave radiation, as well as from sensible and latent heat fluxes that were calculated using the bulk formula with prescribed air temperature and relative humidity. The freshwater flux was derived from the prescribed precipitation and the evaporation converted from the latent heat release. River discharges were not included in the model configuration and the simulated salinity was a little higher than the observed salinity. More detailed description can be seen in Xiu et al. (2010) . The 3-day-averaged sea level and other variables were saved for the entire domain, but the model output from 08 to 308N and 1008 to 1408E was used in this analysis. The model results in the South and East China Seas have been analyzed in several earlier studies (e.g., Chai et al. 2009; Liu and Chai 2009; Song et al. 2011; Xiu et al. 2010; Xiu and Chai 2011) .
Results
a. Long-term trend of the Kuroshio intrusion inferred from hydrography
The maximum and minimum salinity of the subsurface and intermediate waters located at about 200-and 500-m depths, respectively, are good tracers to delineate the Kuroshio and SCS waters since the maximum (minimum) salinity of the Kuroshio water is notably higher (lower) than those of the SCS water (Qu et al. 2000; Zhou et al. 2009 ). Figure 3 shows longitudinal-year distributions of the observed subsurface maximum and intermediate minimum salinity from 1990 to 2010 derived from the 8098 profiles located in our study area (Fig. 2) . Figure 3 shows a clear division between the SCS and the Pacific at about 1218E; that is, the subsurface maximum salinity was lower while the intermediately salinity minimum was higher in the SCS. More interestingly, the subsurface maximum salinity was smaller in the northeastern SCS in the 2000s than that in the 1990s, indicating that the Kuroshio intrusion into the SCS might become weaker. However, the salinity minimum at intermediate depth did not change much.
Figures 4a and 4b show T-S curves averaged in the SCS (,120.758E in Fig. 2 ) and the Pacific (.120.758E in Fig. 2 ). In the Pacific (Fig. 4b) , subsurface salinity in the 2000s became a little higher than that in the 1990s, while the intermediate water salinity became a little lower. In the SCS (Fig. 4a) , the salinity below the intermediate minimum salinity does not change much between the 1990s and 2000s. However, the salinity above the intermediate water became much lower in the 2000s with the mean salinity from the surface down to the depth of minimum salinity reduced from 34.42 in the 1990s to 34.28 in the 2000s. To minimize the bias caused by the temporal and spatial mismatches of temperature-salinity profiles (see Fig. 2 ), we further divided the northeastern SCS into four subareas ($198N, 1168-1198E; $198N, 1198-1218E; 178-198N, 1168-1198E; and 178-198N, 1198-1218E) and the western Pacific into three subareas ($228N, 1218-1248E; 198-228N, 1218-1248E; and #198N, 1218-1248E) . The T-S curves of the four subareas on the SCS side ( Fig. 5 ) are similar to those in Fig. 4a , while T-S curves of the three subareas on the Pacific side ( Fig. 5 ) are similar to those in Fig. 4b , suggesting that the assumption above that the Kuroshio intrusion into the SCS weakened from the 1990s to 2000s is rather robust, not affected by the numbers and locations of profiles.
The SCS subsurface water with a salinity value close to the western Pacific subsurface water cannot form locally but has to be carried by the Kuroshio from the western Pacific. Yu et al. (2008) showed that the most important processes responsible for the observed subsurface salinity maximum in the SCS are the SCS throughflow and detrainment of freshwater. To clarify the reason for the freshening trend in the northeastern SCS, the contributions of the local freshwater flux and Kuroshio intrusion to the salinity change were calculated, respectively. (Fig. 6 ). The positive trend was similar to that over the recent three decades from 1979 to 2008 ). This trend of freshwater loss would cause a positive trend of 0.0001 yr 21 for the mean salinity in the SCSB, so it could not contribute to the freshening trend in the SCSB. Thus, the change of the Kuroshio intrusion is suggested to be the main reason responsible for the freshening trend in the SCSB, which shall be quantified in the next section.
b. Long-term trend of the LST
In this section, ROMS model output was used to investigate the long-term trend of the LST. To verify the model results, monthly surface transport through the Luzon Strait (cross section 2 in Fig. 1b ) based on the satellite data and the ROMS model results was compared. The correlation coefficient of monthly variations between the satellite and ROMS model calculated surface geostrophic transport is 0.77 and above the 95% significance level (Fig. 7a) . Although the magnitude is slightly different, the interannual variation is consistent, with a correlation coefficient of 0.87 (Fig. 7b) (Fig. 8a ). The maximum current speed appears at the surface and is slightly stronger than the mean surface geostrophic currents derived from satellite altimeter data (Fig. 1b) . The sandwich structure of the mean LST in the vertical, which is an outflow in the intermediate layer accompanied by inflows in the upper and deeper layers (e.g., Qu et al. 2000; Chern et al. 2010; Tian et al. 2006; Yuan et al. 2008) , was shown in the present model (Fig. 8b) . However, four layers (0-75, 75-700, 700-1250, and 1250-2500 m) were divided according to Fig. 8b , which were named surface water outflow (SWO), subsurface and intermediate water inflow (SIWI), intermediate water outflow (IWO), and deep water inflow (DWI), respectively. The SWO from the SCS to the Pacific is present near the surface mainly from April to September and is driven by the southwesterly monsoon (Fig. 7a) . Modeled seasonal variations of the LST show that the Kuroshio intrusion into the SCS is stronger in winter and weaker in summer. This qualitative agreement establishes the validity of using the model result to study the Kuroshio intrusion into the SCS. Figure 9a shows the modeled interannual variations of SWO, SIWI, IWO, DWI, and the total LST. Besides the weakening trend of the Kuroshio intrusion into the SCS, another important feature is that the Kuroshio intrusion has a strong ENSO signal. The Kuroshio intrusion strengthened during the periods of El Niño and weakened during the periods of La Niña. The correlation coefficient of monthly LST anomaly and the ocean Niño index from 1993 to 2010 is 0.56 (above the 95% significance level), indicating that the Kuroshio intrusion undergoes an interannual modulation by the Pacific climate ($198N, 1168-1198E; $198N, 1198-1218E; 178-198N, 1168-1198E; and 178-198N, 1198-1218E) of the northeastern SCS and in three subareas ($228N, 1218-1248E; 198-228N, 1218-1248E; and #198N, 1218-1248E) of the western Pacific (see Fig. 2b Kuroshio intrusion change is the main reason responsible for the change of salinity in the northeastern SCS. IWO and DWI correlate poorly with the total LST because the Kuroshio velocity decreases with depth. As mentioned above, the modeled yearly surface transport trend is a little larger than that of the satellite surface transport (see Fig. 7a ). If assuming a similar proportion, the real total LST would have a negative trend at 20.20 Sv yr 21 . It should be noted that river discharges were not included in the model configuration. Assuming that the discharges followed the regional trend of 2(E 2 P), they should decrease over the study period (Fig. 6) ; hence, they could not contribute to the freshening in the SCSB. The averaged SWO is 20.15 Sv. Figure 7a shows that the surface water mainly flows into the SCS from November to February because of the northeasterly monsoon in winter and flows out of the SCS from May to September because of the southwesterly monsoon. The surface inflow water in winter has a decreasing rate of 20.19 Sv yr
21
, while the surface outflow in summer has a decreasing rate of 20.26 Sv yr 21 , indicating that summer change is important in the SWO trend compared with winter change (Fig. 9b) . SIWI flows from the Pacific to the SCS year-round with a mean value of 6.78 Sv. It is also stronger in winter and weaker in summer (not shown). The DWI is 1.03 Sv without obvious seasonal variation. The averaged water transport through the Luzon Strait from 1993 to 2010 is 7.42 Sv, flowing from the Pacific into the SCS (Fig. 9a) . According to the above analysis, SIWI accounts for most of the Kuroshio intrusion into the SCS. Winter is the season with the strongest Kuroshio intrusion, while summer is the season with the weakest Kuroshio intrusion.
c. Kuroshio path variations and eddy activity
Responding to the weakened Kuroshio intrusion, the Kuroshio loop southwest of Taiwan and the Luzon cyclonic gyre northwest of Luzon became weaker in the 2000s than in the 1990s (Fig. 10) . Figure 11 shows the mean eddy kinetic energy (EKE) in the periods of the 1990s and 2000s. Here, EKE is calculated as (u 02 1 y
02
)/2, where the geostrophic velocity anomaly (u 0 and y 0 ) can be derived from the weekly SLA. Eddy activity southwest of Taiwan became weaker in the 2000s than that in the 1990s (Fig. 11) . Correspondingly, the looping path (Nan et al. 2011a ) southwest of Taiwan was less frequent in the 2000s than that in the 1990s so that the Kuroshio in the 2000s was less likely to penetrate into the SCS compared to in the 1990s (Fig. 12a) . Also, the area occupied by the eddy (Nan et al. 2011b ) had a negative trend from 1993 to 2009 (Fig. 12b) .
Discussion
To understand what controls the weakening trend of the Kuroshio intrusion into the SCS, several factors potentially contributing to the decrease of LST shall be discussed. The first is the local wind effect. Nan et al. (2011b) indicated that monsoon winds play a significant role in Kuroshio intrusion into the SCS above the Ekman depth. The correlation coefficient between the Ekman transport and the surface geostrophic transport through the Luzon Strait is 0.77 (Nan et al. 2011b) . Besides the direct wind-induced Ekman transport, the mean and interannual variability of the LST may be affected by the large-scale forcing of the Pacific according to Qu et al. (2000) and D. . One important factor contributing to the decreasing LST is the interbasin SSH difference. The piling up of water is believed to be an important mechanism by changing the pressure gradient across the Luzon Strait and eventually affecting the LST (e.g., Metzger and Hurlburt 2001; Qu et al. 2000; Song 2006 ). On the other hand, changes in the large-scale forcing of the Pacific can lead to the variability in the NEC (Qiu and Chen 2010, 2012) and hence the Kuroshio east of Philippines. If the upstream Kuroshio transport changes, the LST could respond to it (Qu et al. 2004 ).
a. Wind effect on the weakening Kuroshio intrusion into the SCS
Wind-induced Ekman transport through the Luzon Strait had a negative trend at 20.001 Sv yr 21 (Fig. 13a) .
It was much smaller in magnitude than the negative trend of the total LST at 20.24 Sv yr
21
. The averaged Ekman transport was 0.07 Sv flowing from the Pacific to the SCS. The locally wind-driven circulation did not appear to make a significant contribution to the LST.
According to Qu et al. (2000) and D. , the mean and interannual variability of the LST may be affected by the large-scale forcing in the Pacific as explained by the ''island rule'' (Godfrey 1989) . Under the steady-state and frictionless hypothesis, the LST can be calculated from the line integral of wind stress projected along a closed path ABCD as the following:
Here, t (l) is the wind stress projection along the path ABCD, which can be derived from monthly satellite wind data. Following Qu et al. (2000) . It should be noted that the island rule is valid for a steady-state ocean and ideal fluid only. For a relatively narrow channel like the Luzon Strait, the gap width, bottom topography, friction, and other dynamic effects are not negligible (D. ).
b. Long-term change of the pressure gradient across the Luzon Strait
To some extent, the positive trend of T 0 indicates the strengthening of the tropical circulation, since the path integral of the wind stress is mainly around the tropical gyre. However, the Kuroshio is part of the subtropical gyre, which should link more directly to changes in the subtropical gyre. Figure 14a shows the distribution of the linear trend of the annual-mean ADT from 1993 to 2010 in the SCS and the western Pacific. The rate of rising SSH was lower southwest of Taiwan compared to other regions of the SCS, which appears to agree with the weakened Kuroshio intrusion. Furthermore, the linear trend of the ADT in most areas of the tropical gyre south of the NEC (;158N) was positive, while it was negative in most areas of the subtropical gyre north of the NEC-consistent with the finding of Merrifield and Maltrud (2011) .
According to Song (2006) , the upper-layer transport (above 1500 m) through the Luzon Strait is controlled by geostrophic balance and can be estimated as 2(gH/f )Dh, where g is the gravitational acceleration, f is the Coriolis parameter, H is the upper-layer depth (1500 m), and Dh is the SSH difference between the western Pacific and the SCS. Song (2006) chose the area from 08 to 308N and from 1228 to 1408E as the western Pacific box. According to Fig. 14a and the analysis in the above subsection, it seems more reasonable to select the box north of the NEC. In this study, we choose the western Pacific region as the box of (158-308N, 1218-1408E), where Dh had a negative trend at 20.10 cm yr 21 between the western Pacific and the SCS (Table 1) and that from the satellite result is 0.77 (Fig. 15a) . The Dh value derived from the ROMS model had a negative trend of 20.09 cm yr 21 from 1993 to 2010, which agrees well with the satellite result ( Table 1 ). The correlation coefficient of monthly LST anomaly and Dh is 0.39 (above the 95% significance level), suggesting that the SSH difference significantly affects the Kuroshio intrusion into the SCS. The analysis above points to the piling up of water as an important mechanism that leads to the LST change. In the western Pacific, the annual-mean wind stress curl (WSC) in most areas south of the NEC (;158N) was positive, while it was negative in most areas north of the NEC. This may be the reason why the linear trend of the ADT in most areas south of the NEC (;158N) was positive, while there were negative bands in the area north of the NEC. The averaged WSC in the SCS had a larger positive trend (4.18 3 10 211 N m 23 yr
21
) than that in the western Pacific (2.97 3 10 211 N m 23 yr 21 ), contributing to the decreasing trend of the SSH difference between the SCS and the western Pacific then affecting the total LST (Table 1 ; Fig. 14b ). The SSH may also be affected by baroclinic Rossby waves. It can be seen from suggesting that the thermal expansion was not the cause for the decreasing trend in SSH difference.
c. Long-term change of the upstream Kuroshio transport Qiu and Chen (2010, 2012) analyzed the long-term trend in the western Pacific and reflected both in the tropical and subtropical gyres. The variability in the western Pacific might induce corresponding variability in the Kuroshio (Chang and Oey 2011; Song et al. 2011 ). According to Xue et al. (2004) , the Kuroshio intruding direction into the SCS is important to the Kuroshio path in the Luzon Strait, which in turn affects the net transport in the Luzon Strait. Both the satellite data and ROMS results (figure not shown) show no obvious veering of direction for the Kuroshio axis at section 1 (see Fig. 1b for the location of section 1). Eddy activity may affect the seasonal fluctuation of the Kuroshio transport east of Taiwan and the LST (Chang and Oey 2011) . We calculated the yearly EKE in the western Pacific (178-258N, 1218-1258E). It is poorly correlated with the yearly changes of LST. Eddies may also affect the LST by changing the position of the Kuroshio axis. There were some large oscillations of the Kuroshio axis position from the satellite data, which were induced by mesoscale eddies generated east of Luzon Island. However, there was no persistent trend for the Kuroshio axis east of Luzon Island, suggesting that the eddy effect on the long-term change of the Kuroshio position is limited.
The Kuroshio upstream flows northward east of Luzon Island above about 1000 m. The averaged Kuroshio transport through section 1 is 21 Sv from the ROMS result, and it had a negative trend of 20.25 Sv yr 21 (Fig. 15b) . It can be seen from Fig. 14) and in the western Pacific (.158N, .1218E in Fig. 14 (Fig. 1b) . Dotted lines represent the linear trends that were the best fit to the data. follow-up paper, Qiu and Chen (2012) showed that the transport of the NEC-N (the westward transport between the bifurcation latitude to 188N averaged between 1308 and 1608E) increased from 1993 to 2010. However, the trend of uH (where u and H denote zonal geostrophic velocity and the upper-ocean layer thickness, respectively) right next to the Luzon Island and in the Luzon Strait was opposite to the NEC-N transport [see Fig.  13 in Qiu and Chen (2012) ], which supports our results. While most of the Kuroshio water entering into the Luzon Strait flows out in the northern part of the Luzon Strait (Fig. 1b) , the contribution of the Kuroshio upstream to the LST was not clear. It can be speculated that the weakening of the Kuroshio upstream may mainly contribute to its downstream weakening. The correlation coefficient of yearly variation between the upstream transport and LST is only 0.12, below the 95% significance level, suggesting that the contribution of the Kuroshio upstream variations to the variation of the Kuroshio intrusion into the SCS is limited.
Summary and conclusions
In situ hydrography and satellite altimeter data as well as ROMS model results covering the 1990s and 2000s were used to investigate the long-term variability of the Kuroshio intrusion into the SCS. It was concluded that the Kuroshio intrusion into the SCS weakened over the past two decades from the 1990s to the 2000s because the mean salinity in the upper water column (from the surface to the intermediate water at about 750 m) decreased by 0.14 in the northern SCS, and the net freshwater flux could not account for the salinity change. The influences on the SCS due to the weakened Kuroshio intrusion were further analyzed. The Kuroshio loop and eddy activity southwest of Taiwan became weaker. The mean SSH in the western Pacific was higher than that in the SCS. The Kuroshio intrusion brought higher SSH into the SCS, and the SSH southwest of Taiwan was higher than that in other regions of the SCS, as seen in Fig. 1b . Because of the weakened Kuroshio intrusion, the SSH southwest of Taiwan had a lower increasing rate compared to other regions in the SCS (see Fig. 14a ). The ROMS modeling result estimated that the Kuroshio intrusion into the SCS became weaker from 1993 to 2010 with a negative trend for the LST at 20.24 Sv yr . Although direct wind-driven circulation did not appear to make a significant contribution to the LST, the piling up of water by the monsoon winds was believed to be an important mechanism that changed the pressure gradient across the Luzon Strait and affected the LST. The SSH gradient between the western Pacific and the SCS had a negative trend of 20.10 cm yr 21 based on satellite data, equivalent to a decrease at 20.20 Sv yr 21 in the geostrophic transport, which could account for most of the decreasing trend of the LST. The modeled Kuroshio transport east of Luzon Island decreased at a rate of 20.25 Sv yr 21 , which might also contribute to the weakened Kuroshio intrusion. It should be noted that our quantitative analyses on contributions to the LST by the wind, the SSH gradient, and the Kuroshio upstream are relatively preliminary. Carefully designed numerical model experiments may provide more insights. Besides the weakening trend of the Kuroshio intrusion into the SCS, another important variation is that the Kuroshio intrusion was clearly correlated with the ENSO signal (Fig. 9a) . We plan future work to study how the Kuroshio intrusion into the SCS responds to ENSO.
